We assess the business cycle synchronization features of aggregate output in the 27 EU countries using annual data for the period 1970-2009. In particular, we compute measures of synchronisation for private consumption, government spending, gross fixed capital formation, exports and imports. Our results show a rise in synchronization over the full period, and although private consumption is the biggest component of GDP, external demand tends to be a more important determinant of business cycle synchronization.
Introduction
In the context of the European and Monetary Union (EMU) and of the broader setting of the European Union (EU) itself, the existence of a higher degree of business cycle synchronisation seems to be an expected outcome of European integration. An increase in the correlation of the cyclical fluctuations may reduce the potential costs of the inexistence of country-specific monetary policies, in the case of the EMU.
Moreover, the presence of high business cycle correlation between countries and the EMU aggregates also helps the implementation of monetary policy conducted by the European Central Bank. Indeed, the theory of the Optimum Currency Area, first developed by Mundell (1961) , McKinnon (1963) and Kenen (1969) , stresses the importance of international linkages between the members of a monetary union to deal with the loss of the country-specific monetary policy to address the economic business cycle.
In this paper we analyse business cycle synchronization in the EU, notably by assessing how it has evolved over time, using annual data for the period 1970-2009.
Specifically we look at business cycle synchronisation of both GDP and of aggregate demand components: private consumption, final consumption expenditure of general government, gross fixed capital formation, and exports and imports of goods and services. We also determine which aggregated demand component sector mostly drives GDP business cycle synchronization.
In a nutshell, the results show that the level of business cycle synchronization for the 27 EU countries has increased between 1970 and 2009. Notably, it has been higher after the introduction of the single currency. In the most recent 1993-2008 sub-period, some of the new Member States (Cyprus, Latvia and Slovenia) already presented business cycle synchronization similar to that of some EU-15, namely comparing to Greece and Portugal.
The remainder of the paper is organized as follows. Section Two provides a brief review of related literature. Section Three explains the empirical methodology used to compute business cycle synchronization. Section Four reports the results obtained, and Section Five summarises the paper's main findings.
Related literature
Previously related studies have addressed business cycle synchronization in the EU.
Analyzing the cyclic correlations between euro area economies, Angeloni and Dedola (1999) describe the rise of the output correlation between Germany and the other European countries, particularly in the period 1993 -1997 . Furceri and Karras (2008 focus on business cycle synchronization for GDP components, using data for the period 1993-2004 (EU with 12 member states), and conclude the countries observed are better synchronized with the EMU-wide economy after joining the Euro. Moreover, the aggregate demand components best synchronized are exports and imports. Afonso and Furceri (2009) American regions). On the other hand, Wynne and Koo (2000) compare the business cycle in the European Union (15 member states) with the business cycle in twelve Federal Reserve districts in the U.S., concluding that synchronization in the USA is higher than in Europe, for the period 1963 -1992 . Clark and Wincoop (2001 try to understand the border effect analyzing the US-Canada border and inter-European borders, concluding that it not only exists in Europe, but is also statistically significant in this case.
Other studies document the evolution of business cycle synchronization over time. Gayer (2007) analyzes industrial production and GDP, and verifies that business cycle synchronization in the euro area has been rising since the euro introduction (although inferior to the synchronization level showed in the early 1990s). Fatás (1997) , using annual data for the period , studies the evolution of business cycle synchronization between EU countries or regions. Calculating the correlations of growth rates of employment, he identifies a rise in cross-country correlations and a fall between same-country regions. In addition, Peiró (2004) studied the existence of asymmetries in industrial production in European countries for the period 1957-1998. Mink et al. (2007) expose a new cycle co-movement measure which allows them to determine the synchronization of cycles and the differences between their amplitudes.
Applying it to euro area data for the period between 1970 and 2005, they argue that business cycle synchronization and co-movement do not show an upward trend, and countries presenting the lowest values for these variables are Finland, Greece and Italy.
Some other papers study business cycle correlation between the euro area and acceding countries. Korhonen (2003) uses an econometric study to gauge the integration level of nine country-candidates with the euro area, concluding that Greece and Portugal are as integrated as some of the most advanced country-candidates, namely Hungary and Slovenia. Artis et al. (2004) examine the evolution of the business cycle in the accession countries and find evidence of a weak synchronization, excluding the cases of Poland and Hungary.
Using a model-based clustering, Crowley (2008) shows that macroeconomic variables evolved in a divergent way within the euro area and reports the existence of a geographical core-periphery pattern. Normalizing distances between the leading country and the rest of countries, and afterward generating values using a bivariate uniform distribution, as well as a bivariate normal distribution, Camacho et al. (2006) conclude that there is no evidence proving the existence of any attractor or common driving force in economic cycles of European countries. Finally, Inklaar and Haan (2001) do not find any evidence of a connection between exchange rate stability and business cycle synchronization in Europe.
Methodology
We compute our business cycle measures for GDP as the correlation between the country's GDP cyclical component, c i , and the EU's GDP cyclical component, c EU :
In addition, and to assess which aggregate demand component j for each country i is mainly responsible for the aggregate output business cycle synchronization, we compute the country's aggregate demand cyclical components, j i c , and then calculate the correlation between these components and the EU's GDP cyclical component:
We used the HP filter (Hodrick and Prescott, 1980) with the smoothness parameters equal to 100 and 6.25 to compute the cyclically adjusted components of aggregate demand as well as the corresponding component of GDP.
As a robustness measure, and given some of the critics to different de-trending techniques, as the HP filter (see Canova (1998) , we also calculate the Business Cycle Synchronization using a so-called Business Cycle Synchronization Index (BSCI).
According to Kalemli-Ozcan et al. (2010) e Giannone et al. (2008) , this new measure evaluates the cross-country synchronization (between countries i and j) to the same variable. Considering S ijt a negative of the divergence in growth rates, defined as the absolute value of GDP (or other aggregate demand components), growth differences between countries i and j in year t are given by:
where Y it is real GDP of country i in period t.
In our analysis we will apply this measure to study synchronization between the real GDP of country i and the real GDP of the euro area. Since we will report the results per period of time, each value will match to the average of obtained values for each one of these periods.
Empirical analysis

Data
Our data come from the European Commission Annual Macro-economic Database (AMECO) and covers the EU 27 countries from 1970 to 2009, as far as data availability allows for. 1 We use real GDP at 2000 constant prices to compute output business cycle synchronization, and we consider as well the following aggregate demand components:
private consumption, final consumption expenditure of general government, gross fixed capital formation, and exports and imports of goods and services.
Output Business Cycle Synchronization
In order to analyze the business cycle synchronization across a set of European countries, we first computed the correlation coefficient between the cyclical component of real GDP in country i, and the cyclical component of real GDP in the euro area (defined for this purpose as the 12 "old" initial euro area countries). We used the HP filter with the smoothness parameter equal to 100 to disentangle between cycle and trend. Naturally, the higher the correlation coefficient the higher the business cycle synchronization.
In this study we use annual data and cover the period time between 1970 and 2009.
In order to segment and deepen our analysis, we have divided the overall period in three In the sub-period of 1970 to 1992, we notice that although there were already countries with a high level of business cycle synchronization (such as Austria, Belgium, France and Luxembourg), in some cases business cycle synchronization was extremely low (Ireland, Sweden, U.K.) or even negative (Denmark, Finland).
Comparing the values obtained in the two sub-first periods, we notice a decrease in synchronization from the first one to the second one. Only Spain and France present positive variations. However, we should take into account that the period between 1993
and 1998 covers only six years. 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 in that sub-period had already a higher economic synchronization than some euro area countries (Greece and Portugal, for instance), in line with Korhonen (2003) . In Table 2 we report the results for the Business Cycle Synchronization Index for each of the EU Member States, taking into consideration three time periods : 1971-1992, 1993-2009 and 1971-2009 (the reason why 1971 is the first year is because all the values obtained come from a first-order differences process).
For the first sub-period, and given that the closer BSCI is to zero, the higher will be the synchronization between country i and the euro area, we observe that the countries that were more synchronized with the euro area are France and Germany, and the least synchronized ones were Portugal and Greece.
Between 1993 and 2009, the most synchronized countries were France (0.004), Germany (-0.005), Belgium (-0.005), and Austria (-0.006), and the least synchronized were Lithuania (-0.680) and Latvia (-0.062). These results are in line with conclusions that can be drawn for the full period, and also with the overall results from Table 1, where the HP filter was used.
Moreover, and as we have observed also in Table 1 , and evaluating the evolution of values showed in the last line of Rose and Engel (2002) , once increased intra EU trade also increase the synchronization of their business cycle with the EU. Given that we are using the 12 "old" countries of the EU to build the aggregate cyclical components of GDP, it is worthwhile comparing the peaks and troughs that we uncover with the ones reported by the CEPR Euro Area Cycle Dating Committee. Such comparison is reported in Figure 1 .
Interestingly, it is possible to observe that the downturns identified by the Committee are very close to the peaks and troughs that we computed for the cyclical component of GDP (using the HP filter). 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 Growth rate (%)
Real GDP Trend GDP Source: own computations and CEPR Euro Area Cycle Dating Committee for the euro area peaks and troughs in chart 1.2 (http://www.cepr.org/data/dating/).
Business Cycle Synchronization by GDP components
Private Consumption synchronization
In Table 3 there are three different types of information available. The first four columns show the correlation between the cyclical component of private consumption in country i and the cyclical component of real GDP in the euro area. The next four columns report the share of private consumption in GDP. The last four columns in Table 3 present the volatilities of those private consumption business cycle correlations.
The sub-periods considered remain the same. Volatility of the cyclical component 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%.
For the period from 1970 to 1992, only Denmark presented a small negative private consumption synchronization (although not statistically significant) with the euro area.
Belgium was the best synchronized country, followed by Portugal. In the last sub-period, most countries presented high synchronization values, although to less extent in the cases Poland, Czech Republic, Germany, Malta and Luxembourg.
Considering the contribution of private consumption to GDP, we can see that it has barely changed throughout time, representing on average a somewhat between 57% and 59% of GDP. At the country level, and apart from the EU New Member States, only
Italy, Portugal and the UK had an increase if the contribution to GDP of private consumption. Is some cases such share decreased, notably in France, with a negative variation from the first to the second sub-period, and a positive one from the second to the third, while the opposite occurred in Belgium, Germany and Greece. In all the other countries the share of private consumption in GDP decreased.
Regarding the volatilities of private consumption business cycle correlations, in the first sub-period, those countries that were best synchronized with the euro area presented themselves with lower volatility values as well. Between 1993 and 1998, the volatilities of the correlations between the consumption of country i and the GDP in euro area decreased, except in the cases of the Czech Republic and Hungary. In the last sub-period period, volatilities have increased for most countries, as we have observed for the case of GDP as well. Table 4 shows the same kind of information for the final consumption expenditure of general government, as it was previously presented for private consumption.
Final Consumption Expenditure of General Governments synchronization
In this case, government spending represents, on average, around 20% of the GDP.
In every period under analysis, Sweden is the country with the highest share of government spending in GDP. Interestingly, the New EU Member States show similar characteristics and behaviour as in the case of the other EU countries.
For the overall period we can see that public expenditure synchronization with GDP in the euro area was positive (and statistically significant) for Bulgaria, Greece, Ireland, Italy, the Netherlands, Poland Portugal, Spain, and Sweden. To some extent, we see in these cases the existence of some pro-cyclicality of government spending, which one would not expect to help fiscal sustainability. Negative correlations are uncovered for countries like Austria, Belgium, Denmark and France. Volatility of the cyclical component 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%.
Regarding the evolution on private consumption synchronization over time, it varied negatively in the elder members of the EU (except for France, Greece and Ireland), and positively for the New Member States (excluding Bulgaria, Hungary and Slovenia).
When we look to the volatility levels, the Czech Republic and Hungary have the highest values, and, interestingly, high levels of volatility also occurred in the period 1993-1998. Again, from the last four columns in 5, we observe an increase in business cycle volatility, with the Czech Republic, Hungary and Sweden, with the highest volatility levels. 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%.
Gross Fixed Capital Formation synchronization
Exports and Imports of goods and services synchronization
In Table 6 we report the results related to business cycle synchronization, volatility and the share of exports in GDP. A relevant issue is the rapid growth of average share of exports in GDP between 1970 and 2009. This evolution may be explained by a higher level of market integration and the introduction of the single currency, which naturally facilitated intra EU trade. 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%.
For the overall period, we can see that most of the countries exhibit a quite high level of exports synchronization with GDP in the euro area, and synchronization increased considerably since 1970. In the first sub-period, from fifteen countries considered, seven presented negative correlations, especially Ireland and Spain. For what concerns the respective business cycle volatilities, the average volatility level has increased between periods, and Hungary and the Czech Republic remained the countries with the highest synchronisation levels.
The average share of exports in GDP grew significantly between 1970 and 2009, from 28.6% in the first period to 59.2% in the last period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ).
This evolution may be explained by a higher level of market integration and the introduction of the single currency, which naturally facilitated intra EU trade.
Moreover, it is also possible to observe that in the New Member States of the EU the GDP export share has become rather important, surpassing in some cases the contribution of external demand to GDP in the "old" EU members. An example is
Hungary where the contribution of exports to GDP more than doubled between 1993-1998 and 1999-2009 . For Luxembourg it is interestingly to notice that the share of exports in GDP is above 100%, which has to be seen in the light of the significant financial services industry existent in that country, In Table 7 report the results related to business cycle synchronization, volatility and the share of imports in GDP.
Observing the fourth column in Table 7 , we can see that Belgium, France and Italy are the countries where imports are best synchronized with GDP in the euro area.
Actually, in the first sub-period we find some countries with negative correlations (like The average imports volatilities of business cycle correlations have increased, throughout time. Once again, Hungary and Czech Republic are cases to highlight regarding relevant increases in GDP imports share. In addition, as in the case of the export shares, the imports shares also increased overall. Just as we saw in the analysis for exports, Luxembourg is the country with highest GDP imports shares. 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%.
If we cross-check the information from tables 6 and 7, we see that there is not a full match between countries that are better synchronized exports wise and the countries best synchronized regarding imports. Nevertheless, the countries least synchronized with the euro area, Romania and Lithuania, report the last positions as much in exports as in imports synchronisation, between 1999 and 2009.
In addition, analyzing the weight of each component of the GDP, on average, and for each period considered, we can see that the values for exports and imports are quite similar.
Finally, we report in Table 8 In the 1970-1992 sub-period, private consumption and private investment are clearly the most correlated component with the GDP. In the sub-period [1993] [1994] [1995] [1996] [1997] [1998] exports are negatively correlated with the GDP, private consumption, imports and government spending correlate positively.
Between 1999 and 2009, we see that all the aggregated demand components are positively and strongly correlated with GDP, with exception for government spending.
We must emphasize the fact that this component presents negative correlations with all the other variables examined.
Some regression analysis
In this section we assess some potential linkages between business cycle synchronization and other related relevant economic variables. For this purpose, we have considered the pooled sample of 69 country observations: 15 for the sub-period 1970-1992; 27 for the sub-period 1993-1998; and finally, the remaining 27 that cover the sub-period 1999-2009. We report in Table 9 the main results of this analysis. According to the results we can conclude that the higher a country's national wealth, proxied by per capita GPD, the higher will be its exports, imports, private consumption and private investment business cycle synchronization level with the euro area. Another relevant factor for exports and imports synchronization is the country's degree of openness or integration in the world economy. Indeed, higher trade openness ratios imply better business cycle synchronization in the above mentioned components.
3
This analysis allows us to also to highlight an interesting outcome based on the relation between the budget balance and the volatility of the cyclical component of government spending. Thus, an increase in the volatility of this component of aggregated demand reduces the budget balance (increases the budget deficit).
Conclusion
As argued in the literature, the stabilization costs of joining a monetary union is a decreasing function of the correlation between the cyclical output of the member country and the cyclical output of the union as a whole. In this context, and in the case of the euro area, we were able to corroborate the existence of strong business cycle correlations between individual countries and the euro area aggregates, which facilitates the implementation of the single monetary policy by the European Central Bank.
More specifically, in this paper we have analyzed business cycle synchronization in the EU, using annual data for the period 1970-2009. In particular we looked at business cycle synchronization of both GDP and of the aggregate demand components.
The results that we obtained show that the level of business cycle synchronization for the 27 EU countries has increased between 1970 and 2009, in line with Furceri and Karras (2008) . Notably, it has been higher after the introduction of the single currency. In the most recent sub-period, we see that some of the new Member States (Cyprus, Latvia and Slovenia) already present business cycle synchronization similar to that of some EU-15, namely comparing to Greece and Portugal.
We also compare the peaks and troughs that we uncover with the ones reported by the CEPR Euro Area Cycle Dating Committee, concluding that the downturns identified by the committee are very close to the peaks and troughs that we computed for the cyclical component of GDP (using the HP filter).
In addition, we have considered each aggregated demand sub-component, computing for each of them the respective level of business cycle synchronization, the volatility of its cyclical component and the corresponding respective total valued added shares. Although private consumption is, on average, the biggest component of GDP, in general and on average, external demand tends to be a more important determinant for GDP business cycle synchronization.
Another interesting issue is the rapid growth of average share of exports in GDP between 1970 and 2009. This evolution may be explained by a higher level of market integration and the introduction of the single currency, which naturally facilitated intra EU trade. Indeed, higher trade openness ratios imply better business cycle synchronization in the imports and exports components.
Annex -Data
Original series (from AMECO) 1/ AMECO code GDP, current market prices 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%. 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%. 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%. Table A1 .4 -Gross fixed capital formation synchronisation (vis-à-vis EU15)
Appendix 1 -Business cycle synchronization (vis-à-vis EU15, HP filter, =100)
Business Cycle Synchronization Share in GDP (%) Volatility of the cyclical component 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%. Table A1 .5 -Exports of goods and services synchronisation (vis-à-vis EU15)
Business Cycle Synchronization Share in GDP (%) Volatility of the cyclical component 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%. Table A1 .6 -Imports of goods and services synchronisation (vis-à-vis EU15)
Business Cycle Synchronization Share in GDP (%) Volatility of the cyclical component 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 100. ***,**,* denote significance respectively at 1%, 5%, and 10%.
Appendix 2 -Business cycle synchronization (vis-à-vis EU15, HP filter,=6.25) 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 6.25. ***,**,* denote significance respectively at 1%, 5%, and 10%. 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 1970-1992 1993-1998 1999-2009 1970-2009 Note: Hodrick-Prescott Filter with smoothness parameter equal to 6.25. ***,**,* denote significance respectively at 1%, 5%, and 10%.
